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Abstract 
 
  There exists general agreement that the steam engine’s rise in importance 
occurred at the same time as large increases in firm size and growing urbanization, but no 
consensus concerning the degree to which the steam engine served as an exogenous force 
fueling urban growth.  We reexamine the hypothesis that a leading brand of steam engine 
made by the Corliss Company fueled urbanization in the late nineteenth century.  Using 
previously untapped county-level data on steam power in manufacturing, we show that 
there is little convincing evidence that either the Corliss engine or even steam power in 
general was the driving force behind urbanization. 
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1. Introduction. 
 
  There exists general agreement that the steam engine’s rise in importance 
occurred at the same time as large increases in firm size and growing urbanization, but no 
consensus concerning the degree to which the steam engine served as an exogenous force 
fueling urban growth.  Two recent papers highlight the difference of opinion.  Kim 
(2007) provides empirical support for the hypothesis that inflows of unskilled immigrants 
provided the exogenous factor leading to the expansion of factory manufacturing and 
urban growth.  In contrast, Rosenberg and Trajtenberg (2004) (hereafter, RT) offer 
empirical evidence that a particular version of the steam engine made by the Corliss 
company of Providence, Rhode Island, “served as a catalyst for the industry’s massive 
relocation into large urban centers, thus fueling agglomeration economies and further 
[urban] population growth.”  (RT, 61) 
We reexamine the hypothesis that the Corliss engine fueled urbanization in the 
late nineteenth century.  Our findings are much less sanguine concerning the role of the 
Corliss engine and even steam power in general.  Section 2 replicates the RT model using 
their data sources and conducts robustness tests to demonstrate the fragility of their 
findings.  Section 3 estimates the basic RT model using previously untapped county-level 
data on steam power in manufacturing.  Section 4 provides concluding remarks.    
2.  Replication of the R-T model and Robustness Tests. 
  Table 1, column 1, reports RT’s strongest findings, which come from a two-stage 
growth model using predicted values for the number of Corliss petitioners estimated by   5 
OLS in the first stage.
1 RT base their study on data for 242 counties of record in 1880 
from the 11 Eastern states having at least one of 257 petitioners supporting Corliss’ 
application for patent renewal.  They drop Providence, RI, since it was the home of the 
Corliss engine.  They also mention at the bottom of Table 3 that they omitted two 
additional counties as high-growth outliers yielding a sample of 239.  However, there is 
no explanation why the actual sample size reported in that table for their growth model 
contains only 223 counties. 
a. Replication   
We report replication results in Table 1, column 2 based on a sample of 203 
counties that comes close to replicating their results.
2  In addition to including a predicted 
value for the number of Corliss petitioners based on their specification of the first-stage 
estimation equation, we follow RT by including number of watermills in 1880, county 
population growth from 1860 to 1870, capital invested in manufacturing per 
                                                 
1 While using OLS to estimate the first stage equation creates problems because of the 
skewed nature of the data on the number of petitioners, the estimated coefficients in the 
growth models using OLS in the first stage are essentially identical to those using the 
other alternatives while yielding the highest t-values for the Corliss coefficient in the 
second stage.  For space considerations we report our results that are most comparable to 
those reported by RT and give the strongest statistical support to their hypothesis 
concerning the exogenous impact of the Corliss steam engine.    
 
2Their sample sizes also vary in their Table 2 without explanation. Since the sample sizes 
vary depending on which growth variables are included, we exclude the highest growth 
counties for the corresponding time period needed to obtain their sample sizes plus all 
counties that either merged or divided during the last half of the nineteenth century.  By 
dropping these high-growth counties, we are able to obtain essentially the same estimated 
coefficients of the important variables in their growth model.  Dropping all of the 
counties that either merged or divided during this time period did not alter this result. 
Since we introduce steam engine horsepower as an additional regressor during our 
robustness tests, dropping these additional counties avoids the problem of allocating 
steam engine horsepower among counties that underwent a merger or division during this 
time period.  RT did not have to address this issue, because they were not aware of the 
existence of data on county-level steam horsepower. 
    6 
establishment (1870), and county taxes per capita (1870) as explanatory variables.  We 
report results with prior growth from 1860 to 1870 as a control variable, since its 
inclusion in RT’s growth model gave them a higher t-value for the Corliss variable 
compared to the growth model with prior growth from 1850 to 1870.   
When compared to RT’s results, our replications provide similar estimated 
coefficients for the two variables of primary importance, number of Corliss petitioners 
and number of watermills per county.  The R-squared for each model is also essentially 
the same. There are differences in the magnitudes of the coefficients for prior population 
growth and invested capital in manufacturing per establishment, but the prior growth rate 
has a statistically significant coefficient.
3   In the next section we show the fragility of the 
statistical significance of the coefficient for the number of Corliss petitioners.
4  
b. Robustness Tests 
  RT note that total population is not included in their growth equation due to 
collinearity with the Corliss variable.  Upon inspection of the data, we find that this high 
                                                 
3 Our complete sample size is 241, because we combined Baltimore City and Baltimore 
County. Baltimore City left Baltimore County in 1851 to become an independent entity.  
Since they appear separately only once in the Census between 1850 and 1900, we 
combined these two counties.  RT do not address this point.  If we estimate their model 
with the full sample of 241 (after combining Baltimore City and Baltimore County), the 
coefficient for the number of Corliss petitioners is not statistically significant.  Dropping 
Providence and the two outliers consistent with the notes at the bottom of Tables 2 and 3 
do not change this result.  Dropping all counties that merged or divided in addition to 
these counties also does not make this coefficient significant.  Our replication results are 
similar to theirs as long as we drop several of the highest growth counties from the 
sample.  While several high-growth counties must be arbitrarily excluded in order to get 
their result, our main point is that even with these arbitrary exclusions their results do not 
hold up to our robustness tests. 
 
4 While RT refer to the signers of the petition as “buyers”, a more appropriate term is 
“petitioners”, because we believe that the Corliss petitioners do not necessarily represent 
a random selection of Corliss buyers as implied by RT.  The reason and implication of 
this are discussed later in the paper.   7 
correlation is due to a concentration of Corliss petitioners in just a few counties with high 
initial populations and high annual growth rates.  For example, 108 of the 217 petitioners 
not located in Corliss’ home city of Providence, Rhode Island were located in the 8 
largest counties alone. In addition, 145 petitioners came from four counties in the Boston 
area (74), New York City (20), and two counties in the Philadelphia area (51). The 
relative number of petitioners in these counties is large considering that the next largest 
number per county is only 5. 
 As a robustness test, we drop three counties in the immediate Boston area along 
with New York City and Philadelphia [Table 1, column 3].  The Corliss effect now 
becomes statistically insignificant.  These deleted counties were also home to relatively 
large numbers of the type of immigrants documented in Kim’s paper on the impact of 
immigration on growth in manufacturing and cities. According to Kim these large pools 
of locally immobile unskilled workers were the main exogenous force behind growth in 
manufacturing and population in these counties.
5   
We also find that RT’s approach of not adjusting the number of petitioners and 
watermills for county size to be a serious shortcoming.  If the Corliss steam engine is an 
exogenous factor pulling labor into counties, it would seem reasonable to measure the 
number of Corliss petitioners on a per-capita basis.
6  To illustrate the scale problem, 
                                                 
5 Interestingly, while the strongest support for RT’s hypothesis comes from including 
prior growth from 1860 to 1870 in place of growth from 1850 to 1870, the largest 
increase in the number of immigrant workers in Kim’s sample came during the 1850 to 
1860 decade.  When prior growth is defined as that between 1850 and 1870, the 
coefficient of the prior-growth variable increases in statistical significance and that of the 
Corliss variable decreases. 
 
6 We only present results using the number of petitioners in this paper in order to 
maintain consistency with RT’s approach.  However, we also repeated all of the   8 
consider two counties, one with 10 persons and one Corliss petitioner and the other with 
2 Corliss petitioners and 10,000 persons.   In which county is Corliss likely to have the 
more substantive effect on population growth?   
To further illustrate the need to adjust for scale, in Solow-type growth models 
steady-state equilibrium is affected by investment spending per capita (or per worker) 
and, in macroeconomics, cross-country comparisons investigate investment spending as a 
percent of GDP (or investment per capita).  Total investment spending without adjusting 
for scale is of questionable value for national-level analysis and, by analogy, for county-
level analysis.   
RT argue that there exist agglomeration effects, but it is not clear if agglomeration 
effects are best assessed by investigating total machines (or total capital) or total 
machines (capital) adjusted for population.  To pursue scale adjustment econometrically, 
we re-estimate our base model of 203 counties adjusting the number of watermills and 
the number of Corliss petitioners by population.  Coefficient estimates for this scale-
adjusted model are reported in table 1, column 4.   The coefficient for the number of 
Corliss petitioners per capita is statistically insignificant.  The only variables in the model 
with a statistically significant coefficient are number of watermills and prior county 
population growth. 
3.  Improving the Model. 
In this section we make an adjustment proposed by RT for their model.  RT note 
that, “We would like to have included other steam engines as an additional regressor but 
we could not obtain county level data for steam.” (footnote 58) and “we would like to 
                                                                                                                                                 
estimations using total Corliss horsepower documented in the petition for each petitioner 
with the same qualitative results.  
   9 
emphasize that the results presented here should be interpreted with great caution, 
primarily because the Corliss variable in the growth regressions probably proxies for 
wider phenomena than just the number of Corliss users” (RT, 88).  We were able to find 
county-level data on steam engine horsepower used in manufacturing for 1870.  While 
the Corliss engine represented a technological improvement in power generation, we 
argue that total steam engine horsepower in manufacturing provides a better variable to 
test the hypothesis that a general purpose technology (GPT) fueled urbanization.  In any 
event, Corliss-generated horsepower is nested within the variable measuring total steam 
engine horsepower.   We were also able to find data on the number of watermills in 1870 
from the 1870 Census of Manufacturers.  We utilize this more relevant data for 
watermills and this broader measure of the GPT in the subsequent empirical analysis.  
Table 1, column 5 presents coefficient estimates for the RT model using our base 
sample with total steam engine horsepower added as an explanatory variable.  Table 1, 
column 6 puts all of the variables on a per-capita basis.  Note that in both cases the 
coefficients for county steam horsepower and the number of Corliss petitioners are not 
statistically significant.  Again, only number of watermills and prior population growth 
have statistically significant coefficients. 
Table 2, column 1 presents coefficients for the RT model with Total Steam 
Engine Horsepower in Manufacturing substituted for Corliss Petitioners in the first stage 
estimations.   This new broader measure for a general purpose technology proves to be 
statistically significant in the growth equation, not unlike the Corliss-petitioner variable 
in RT’s model.  This is not surprising as the Corliss-petitioner variable and total steam 
horsepower variable have a simple correlation coefficient of 0.675.    It would seem   10 
based on this result that the Corliss-petitioners variable may proxy a wider phenomenon, 
namely total steam horsepower. Putting relevant variables into per capita terms, total 
steam horsepower becomes insignificant (table 2, column 2). 
In table 2, column 3, we report coefficient estimates for the model in column 1, 
but including the variable, Number of Corliss Petitioners.  The coefficients for both total 
steam horsepower and the number of Corliss petitioners are statistically insignificant.   
We get the same result when the number of watermills, number of Corliss petitioners and 
total county steam engine horsepower are entered on a per-capita basis (table 2, column 
4).  As before, only the number of watermills and prior population growth have 
statistically significant coefficients.
7    
Importantly, as has been the case for all of the comparisons shown in this paper, 
the statistical significance for the Corliss coefficient reported in Table 1 only holds for a 
sample that arbitrarily excludes some of the highest growth counties.  Once these 
counties are included in the full sample of 241 counties, the statistical significance for the 
number of Corliss petitioners disappears even if we do not make any of the adjustments 
presented in this paper. 
4. Concluding Remarks. 
In this paper we revisit the effect of the Corliss engine on county-level population 
growth.  We find little evidence that the Corliss steam engine or even steam power in 
general were independent, exogenous forces for growth.  We established this point in 
several ways.  RT’s results for the Corliss engine and ours for steam power in general are 
                                                 
7 The results shown in Table 2 imply that the number of Corliss petitioners is an 
exogenous variable.  However, both total steam horsepower and number of petitioners are 
likely to be endogenous, but finding instrumental variables to separate the effects of each 
variable poses a formidable problem.     11 
sensitive to the exclusion of the most populous counties and scale adjustments and 
depend on the arbitrary exclusion of a relatively large number of high growth counties 
without Corliss petitioners.  In addition, while the number of petitioners per county is 
highly skewed, the number of petitioners per capita is much less so.  Most of the 
petitioners come from a few large counties located near major ports of entry for unskilled 
European immigrants during this time period.  The petitioners’ share of total horsepower 
in these counties was also generally small.  Accounting for any one of these issues, we 
were able to show that the GPT hypothesis is rejected. 
  Given these results, two interesting questions remain.  First, what actually was 
responsible for the large growth in urban centers during the latter half of the nineteenth 
century?  Kim offers a plausible explanation based on the exogenous impact of pools of 
unskilled workers, who, upon arrival, in many cases were locally immobile due to 
financial limitations.  These potential factory workers created opportunities for 
entrepreneurs who made capital investments in steam power and large firm size.  
Traditional Barro-type growth models also offer a potential solution.  While a full model 
of growth is beyond the scope of this note, Barro and Sala-i-Martin (1990 and 1991) 
report that wages per worker and population density play significant roles in net 
migration at the state level.   While these data are available, neither one of these variables 
appears in the RT growth model. 
A second intriguing question concerns the motivations of the signers of the 
petition.  RT suggest that supporters of the petition may have signed to maintain good 
business relationships with Corliss concerning maintenance and the purchase of spare 
parts and for future engine purchases.  It seems odd that someone would be willing to   12 
support a petition to ensure higher prices for future purchases.
8  One interesting 
possibility is that signers of the petition, who had already paid high prices for Corliss 
engines, feared future entry by competitors with access to relatively lower-cost steam 
engines.  This admittedly more skeptical view of the petitioners’ intentions would be an 
interesting avenue for future research.   
                                                 
8 The petition reads in part, “the undersigned … believing that he has not been 
adequately remunerated [our emphasis] therefor [sic], do join in an earnest request that 
his application may receive the favorable consideration of your Honorable body.” (RT, 
64)   13 
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Table 1.  TSLS Annual Population Growth 1870-1900, by County, Using Predicted 
Corliss as Instrumental Variable.  
 
                                      (1)                     (2)                    (3)                     (4)                      (5)                    (6) 
 
**Statistically significant at the 5% level *Statistically significant at the 10% level.  
Note: all models included a constant term that was statistically insignificant in all cases.  
Coefficients for the state dummy variables are not included for space considerations.  
t-statistics are reported in the parentheses. 
1Number of Watermills, Number of Corliss Petitioners, and Total Steam Horsepower are 

























































































































  223  203  198  203  203  203 
R
2 
  0.48  0.46  0.43  0.46  0.46  0.45   15 
Table 2 TSLS Annual Population Growth 1870-1900, by County, with Predicted Total 
Steam Engine Horsepower in Manufacturing. 
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  203  203  203  203 
R
2 
  0.45  0.44  0.46  0.45 
 
**Statistically significant at the 5% level *statistically significant at the 10% level 
1Total County Steam Engine Horsepower, Number of Corliss Petitioners and Number of 
Watermills are divided by county population. 
t-statistics are reported in the parentheses. 
 